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(57) ABSTRACT 
In accordance with disclosed embodiments, there are pro 
vided methods, systems, and apparatuses for performing 
time-partitioned collaborative filtering in an on-demand 
service environment including, for example, receiving as 
input, a plurality of access requests for data stored within the 
host organization and a corresponding plurality of actions 
for the data to which access is requested; accessing an input 
table having a time field, action field, item field, and agent 
field therein; recording time data and agent data for each of 
the received plurality of access requests and the correspond 
ing plurality of actions; recording an item within the item 
field and an action within the action field for each of the 
received plurality of access requests and the corresponding 
plurality of actions based on the action performed on an item 
of the data to which access is requested; and analyzing the 
input table to generate one or more pairs of first actions and 
items to second actions and items and a time based score for 
each of the one or more pairs, in which the time based score 
is dependent upon a time between the actions for each of the 
one or more pairs. Other related embodiments are disclosed. 

27 Claims, 7 Drawing Sheets 
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METHODS AND SYSTEMIS FOR 
PERFORMING TIME-PARTITIONED 
COLLABORATIVE FILTERING 

CLAIM OF PRIORITY 

This application is related to, and claims priority to, the 
provisional utility application entitled “Methods and Sys 
tems for Performing Time-partitioned Collaborative Filter 
ing, filed on Oct. 10, 2011, having an application No. of 
61/545,256, the entire contents of which are incorporated 
herein by reference. 

COPYRIGHT NOTICE 

A portion of the disclosure of this patent document 
contains material which is subject to copyright protection. 
The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Office 
patent file or records, but otherwise reserves all copyright 
rights whatsoever. 

TECHNICAL FIELD 

Embodiments relate generally to the field of computing, 
and more particularly, to systems and methods for perform 
ing time-partitioned collaborative filtering in an on-demand 
service environment. 

BACKGROUND 

The Subject matter discussed in the background section 
should not be assumed to be prior art merely as a result of 
its mention in the background section. Similarly, a problem 
mentioned in the background section or associated with the 
subject matter of the background section should not be 
assumed to have been previously recognized in the prior art. 
The Subject matter in the background section merely repre 
sents different approaches, which in and of themselves may 
also correspond to the claimed embodiments. 

Computing systems and algorithms which interact 
directly with users sometimes will make recommendations 
to those users. For instance. Such systems may provide 
recommendations to a user for a search, a product, an event, 
etc. 

Collaborative filtering (CF) is a technique used by some 
recommender systems. The concept of collaborative filtering 
has both a broad and a narrow context. Broadly speaking, 
collaborative filtering is the process of filtering for informa 
tion or patterns using techniques involving collaboration 
among multiple agents, viewpoints, data sources, and so 
forth. Applications of collaborative filtering often involve 
very large data sets in which the collaborative filtering 
methods are applied in a variety of implementation envi 
ronments including, for example, sensing and monitoring 
data in mineral exploration, environmental sensing over 
large areas or multiple sensors; financial data in financial 
services, user data in electronic commerce and web 2.0 
applications, etc. 

In the narrower context, collaborative filtering is a method 
of making automatic predictions (filtering) about the inter 
ests of a system user by collecting preferences or taste 
information from many users (collaborating) Such that the 
recommendation system may attempt to provide “recom 
mendations' to the system users. In Such a model, the 
method operates on the blind assumption that where user A 
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2 
shares the same opinion as a user B for a given issue X, then 
user A is more likely to share user B's opinion on a different 
issue y than to share the same opinion as user Z, chosen at 
random. 

Unfortunately, implementing what may be a theoretically 
preferred method, has been found in actual practice to be 
computationally expensive due to the massive number of 
potential data point pairs that must be analyzed. For 
instance, it is wholly feasible to have billions of data points 
relevant to the desired prediction/recommendation, and 
while Such a large population may be theoretically beneficial 
to the accuracy of a resulting prediction, the reality of 
providing computational hardware capable of performing 
Such analysis for a system interacting with many users in 
real time fails to yield the necessary return. Greater com 
putational efficiency is therefore needed to justify use of 
Such a recommendation system in practice. Improved accu 
racy could also be realized through new techniques. 
The present state of the art may therefore benefit from 

methods, systems, and apparatuses for performing time 
partitioned collaborative filtering in an on-demand service 
environment as described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments are illustrated by way of example, and not 
by way of limitation, and will be more fully understood with 
reference to the following detailed description when con 
sidered in connection with the figures in which: 

FIG. 1 depicts an exemplary architectural overview of the 
environment in which embodiments may operate; 

FIG. 2 is a flow diagram illustrating a method for per 
forming time-partitioned collaborative filtering in an on 
demand service environment in accordance with disclosed 
embodiments; 

FIG. 3 depicts an alternative exemplary architectural 
overview of the environment in which embodiments may 
operate; 

FIG. 4 depicts an exemplary architectural overview of the 
environment in which embodiments may operate; 

FIG. 5 illustrates a diagrammatic representation of a 
machine in the exemplary form of a computer system, in 
accordance with one embodiment; 

FIG. 6 illustrates a block diagram of an example of an 
environment in which an on-demand database service might 
be used; and 

FIG. 7 illustrates a block diagram of an embodiment of 
elements of FIG. 6 and various possible interconnections 
between these elements. 

DETAILED DESCRIPTION 

Described herein are systems, devices, and methods for 
performing time-partitioned collaborative filtering in an 
on-demand service environment. 

In one embodiment, such mechanisms include receiving 
as input, a plurality of access requests for data stored within 
the host organization and a corresponding plurality of 
actions for the data to which access is requested; accessing 
an input table having a time field, action field, item field, and 
agent field therein; recording time data and agent data for 
each of the received plurality of access requests and the 
corresponding plurality of actions; recording an item within 
the item field and an action within the action field for each 
of the received plurality of access requests and the corre 
sponding plurality of actions based on the action performed 
on an item of the data to which access is requested; and 
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analyzing the input table to generate one or more pairs of 
first actions and items to second actions and items and a time 
based score for each of the one or more pairs, in which the 
time based score is dependent upon a time between the 
actions for each of the one or more pairs. In certain embodi 
ments of time-partitioned collaborative filtering two poten 
tially distinct sets of agent-action-item-times are analyzed 
where the actions and the items are different but where the 
users overlap, that is, the users are the same. For example, 
one user triggers different actions and items which is cap 
tured for analysis. In another variation of time-partitioned 
collaborative filtering two inputs may be identical in terms 
of the actions and the items, but different users triggered the 
respective inputs. In either case, a time dimension is further 
considered through the analysis as is described below. As 
used herein, a “table' does not need to be a “table' in the 
sense of a database. Rather, reference to the term “table' 
merely indicates that Such data is structured as a table. Such 
as a list of agent-action-item-times, in the case of an 
exemplary “input table.” 
As is described herein, a collaborative filtering algorithm 

relates all pairs of items in a system by how many times the 
two items have been accessed by the same user. For 
example, when a user accesses item 1, the algorithm may 
predict that such a user will also access item 2 if the two 
items are evaluated to be highly related based on the 
behavior of other users within the system, that is to say, 
based on other users within the system having often 
accessed both item 1 and item 2 together, the collaborative 
filtering algorithm may then make a determination that these 
two exemplary items exhibit high correlation, and thus, the 
user in question may be "predicted” (e.g., is algorithmically 
considered “more likely') to access item 2 after being 
observed to have accessed item 1. 

Take for instance an exemplary user buying books. Two 
distinct books having no express relationship manually 
specified between them may nevertheless be established as 
a “related pair if the same user within the system has 
bought both books. The more users of the system to buy the 
same pair of books results in the books being more “related.” 
Thus, when another user buys one of the two books, said 
user may be predicted or at least considered more likely to 
also buy the second of the two books based on the past 
behavior of other users within the system. 

Unfortunately, where massive amounts of data exists for 
many users within a system presenting interactions with 
potentially millions of distinct items or system elements, the 
computational requirements for calculating all pairs 
observed by Such a system quickly becomes infeasible, 
notwithstanding the potential benefit of evaluating all Such 
pairs. Further still, the preferences and behaviors of users 
change over time, and thus, the predictive value of users 
behaviors and preferences within Such a system may 
decrease overtime. The problem of ever increasing compu 
tational demand as the size of a data set increases and the 
problem of decreasing value of data pairs with elements 
separated by greater amounts of time remains to be 
addressed by those having skill in the relevant arts. 

Therefore, it is in accordance with certain embodiments 
that available data is evaluated in context of a time dimen 
sion. For instance, the predictive value of related pairs 
having elements further apart in time from one another may 
be de-emphasized or weighted poorly and the predictive 
value may be increased or weighted more aggressively for 
related pairs having elements closer in time to one another. 

In other embodiments, the data may be partitioned into 
overlapping time chunks. Data is chunked, or broken up, 
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4 
into time chunks so that a current iteration of analyzing may 
consider only item pairs from within the same time chunk. 
It is this time chunking technique which yields performance 
gains since it is no longer necessary to consider all pairs 
from within an entire data population. The reason Such a 
technique is feasible, without unduly losing prediction qual 
ity, is because if two items appear in different chunks and 
they happen so far away in time from one another, then those 
items will be given a low weight that wouldn't affect the 
result significantly, even if both items had been within the 
same time chunk. However, it is still necessary to account 
for two items that occurred close in time that could fall into 
distinct time chunks. Because such close in time items 
would yield a greater weight, they do affect a score signifi 
cantly and should be included. Thus, when time chunking so 
as to allow for iterative processing, the time chunks are 
allowed to overlap. For instance, in input table may be 
broken up so long as there is some overlap in the time 
dimension between records of the table. Because user data 
is also recorded, according to certain embodiments, then 
where item a is accessed late in time chunk 1 and item b is 
accessed early in time chunk 2, then the analysis will 
recognize and consider Such a pair as being close in time, 
regardless of the fact that they are in disparate time chunks, 
thus allowing a more greatly weighted time based score to 
contribute appropriately, despite the analysis being broken 
into iterative cycles. 

In such an embodiment, the results from the time chunks 
are then summed together to establish a time based score for 
any given pair, in which the time based score is indicative of 
the “relatedness” or predictive value of the given pair. 

In those embodiments where the analysis is applied to 
overlapping time chunks rather than entire data sets, it is 
possible to iteratively perform the analysis over time, and 
each time, apply the analysis to only the last time chunk. For 
instance, the analysis may be applied to time chunks of the 
total data set iteratively each hour, day, week, etc., but only 
to the last time chunk, such that the analysis can be made to 
execute incrementally, each iteration taking account of the 
newest data, without having to fully re-evaluate an entire 
available data set, while at the same time, benefiting from 
prior analysis through the preceding time chunks for Such a 
data set. Such a model again improves computational effi 
ciency by negating the need to re-evaluate older available 
data. Such previously available data can be considered, 
scored, and then new time chunks corresponding to Subse 
quently received data may be evaluated, scored, and aggre 
gated to the results of preceding time chunks. 

In certain embodiments, pairs having elements occurring 
too distant in time based on the time data recorded are 
simply discarded and remaining pairs are weighed according 
to their closeness in time, for example, based on when in 
time the data elements constituting the pair were accessed. 
Such an approach may improve predictive accuracy by 
weighting more relevant pairs higher. 

In other embodiments, certain pairs are discarded accord 
ing to a directionality mandate implemented via the analysis. 
Stated differently, pairs may be wholly discarded and thus, 
given no scoring consideration, where the second element of 
a pair is accessed in time before the first item in a pair. Thus, 
for pair instances where item 1 is accessed and then item 2 
is Subsequently accessed, the pair instance will be consid 
ered valid and given a time based score or weighted appro 
priately for scoring. Conversely, pair instances where item 2 
is accessed and then item 1 is Subsequently accessed, the 
pair instance will be deemed ineligible for consideration and 
simply ignored by the scoring mechanism. Such an approach 
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again improves performance and computational efficiency 
by discarding roughly half of the remaining pairs. Instituting 
Such directional predictions may improve predictive accu 
racy for the given pair. Thus, if many users are observed to 
access item 1 and then item 2, in that order, then it can be 
predicted that a user accessing item 1 is more likely to access 
item 2 also, whereas a user accessing item 2 will not be 
predicted by the system to later access item 1. In such a way, 
practice of the disclosed embodiments can be utilized to 
make recommendations to system users of a multi-tenant 
database system. For example, recommendations may be 
provided to users as to what records may be viewed next, 
and with good predictive value through the preceding analy 
sis, the user's experience can be enhanced, made more 
efficient, and/or expedited through consumption of the rec 
ommended records for viewing. For example, accepting a 
recommended record for viewing may be faster or easier for 
the user than specifying Such a record (e.g., clicking a link 
or selecting an item through a recommendation list may be 
preferred over typing a record request, etc.). Such recom 
mendations may therefore be based on the preceding analy 
sis and based further on whatever records the user is 
presently viewing or previously viewed, by way of example. 

In the following description, numerous specific details are 
set forth Such as examples of specific systems, languages, 
components, etc., in order to provide a thorough understand 
ing of the various embodiments. It will be apparent, how 
ever, to one skilled in the art that these specific details need 
not be employed to practice the embodiments disclosed 
herein. In other instances, well known materials or methods 
have not been described in detail in order to avoid unnec 
essarily obscuring the disclosed embodiments. 

In addition to various hardware components depicted in 
the figures and described herein, embodiments further 
include various operations which are described below. The 
operations described in accordance with Such embodiments 
may be performed by hardware components or may be 
embodied in machine-executable instructions, which may be 
used to cause a general-purpose or special-purpose proces 
Sor programmed with the instructions to perform the opera 
tions. Alternatively, the operations may be performed by a 
combination of hardware and software. 

Embodiments also relate to an apparatus for performing 
the operations disclosed herein. This apparatus may be 
specially constructed for the required purposes, or it may be 
a general purpose computer selectively activated or recon 
figured by a computer program stored in the computer. Such 
a computer program may be stored in a computer readable 
storage medium, Such as, but not limited to, any type of disk 
including floppy disks, optical disks, CD-ROMs, and mag 
netic-optical disks, read-only memories (ROMs), random 
access memories (RAMs), EPROMs, EEPROMs, magnetic 
or optical cards, or any type of media suitable for storing 
electronic instructions, each coupled to a computer system 
bus. 

The algorithms and displays presented herein are not 
inherently related to any particular computer or other appa 
ratus. Various general purpose systems may be used with 
programs in accordance with the teachings herein, or it may 
prove convenient to construct more specialized apparatus to 
perform the required method steps. The required structure 
for a variety of these systems will appear as set forth in the 
description below. In addition, embodiments are not 
described with reference to any particular programming 
language. It will be appreciated that a variety of program 
ming languages may be used to implement the teachings of 
the embodiments as described herein. 
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6 
Embodiments may be provided as a computer program 

product, or software, that may include a machine-readable 
medium having stored thereon instructions, which may be 
used to program a computer system (or other electronic 
devices) to perform a process according to the disclosed 
embodiments. A machine-readable medium includes any 
mechanism for storing or transmitting information in a form 
readable by a machine (e.g., a computer). For example, a 
machine-readable (e.g., computer-readable) medium 
includes a machine (e.g., a computer) readable storage 
medium (e.g., read only memory (“ROM), random access 
memory (RAM), magnetic disk storage media, optical 
storage media, flash memory devices, etc.), a machine (e.g., 
computer) readable transmission medium (electrical, opti 
cal, acoustical), etc. 
Any of the disclosed embodiments may be used alone or 

together with one another in any combination. Although 
various embodiments may have been partially motivated by 
deficiencies with conventional techniques and approaches, 
some of which are described or alluded to within the 
specification, the embodiments need not necessarily address 
or solve any of these deficiencies, but rather, may address 
only some of the deficiencies, address none of the deficien 
cies, or be directed toward different deficiencies and prob 
lems where are not directly discussed. 

FIG. 1 depicts an exemplary architectural overview 100 
of the environment in which embodiments may operate in 
the contest of a time dimension, specifically, the direction of 
time depicted at element 105. Here, there are two pair 
instances 110A and 110B, each of which represent distinct 
instances or occurrences of the same identical pair. As can 
be seen with regard to pair instance 110A, user “A” requests 
an action=view for an item="abc.” In isolation, this event is 
meaningless, and offers no predictive value whatsoever. 
Nevertheless, item a+action a is recorded at element 111A 
for the requested data and action by the user “A.” and also 
recorded is time data at element 112A. Later in time, the 
same user “A” requests action=view and item="xyz' and the 
item b+action b is recorded at element 111B along with 
time data being recorded at element 112B. Because both 
requests were made by user “A” the pair instance 110A is 
established as a pair. At element 113, it is shown that time 
difference of the pair is determinable from the time data 
recorded at 112A and 112B. 

Similar to the above, at pair instance 110B, user “B” 
requests an action=view for an item="abc' and item a+ 
action a is recorded at element 111C for the requested data 
and action by the user “B,” Also recorded is time data at 
element 112C. Later in time, the same user “B” requests 
action=view and item="xyz' and the item b+action b is 
recorded at element 111D along with time data being 
recorded at element 112D. Because both requests were made 
by user “B” the pair instance 110A is established as a pair. 
At element 114, it is shown that time difference of the pair 
is determinable from the time data recorded at 112C and 
112D. 

Notably in this example, one “pair is recognized, but two 
instances of the same identical pair are present, having been 
established by each of users “A” and also "B. Many users 
can create instances of a given pair of action+item elements. 
Additionally, it is permissible for the same user to also create 
multiple instances of a given pair of action--item elements, 
since each will have associated time data recorded therewith. 

Further notable from this example is that the time differ 
ence of pair instance 110A according to element 113 is 
greater than the time difference of pair instance 110B 
according to element 114. Thus, the pair instance 110B may 
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be considered more relevant than the pair instance 110A 
having elements that are further away in time from one 
another. 

In addition, it can be seen from exemplary architecture 
100 that the analyzing described further takes into an 
account an “action’ for a given item’ being accessed. Such 
an item may be data within a record or row of the database, 
or an object retrieved for viewing or manipulation, etc. 

Thus, the analyzing increases its predictive value by 
requiring a "pair to represent a first item and action for the 
first item and a second item and action for the second item, 
resulting in item-to-item pairs with complementary actions 
for each mapped item. Thus, resulting output of the analysis 
constitutes the following fields: (1) action a: (2) item a: (3) 
action b; (4) item b, and (5) time based score, in which the 
time based score, which is the Sum of pairs where each pair 
gets a weight inversely proportional to Some function of the 
time difference. Time data may be recorded within a time 
field of an input table based upon which relatedness may 
then be assessed using the described analysis. 
A user (e.g., user “A” or “B”), or more generally an agent, 

is relevant when determining that a pair is to be considered, 
because for a pair to be considered, both items in the pair 
need to be accessed by the same user. Stated differently, a 
“pair is only considered a “pair if the user is the same. 

In the preceding examples, a “view' action is specified, 
yet other “actions are also permissible. For instance, a user 
may cause an item or record to be deleted, updated, inserted, 
copied, and so forth, as the applicable action. 
A user may establish multiple pairs through a sequence of 

interactions with the system, each Subsequent interaction 
being further in time from a first interaction (e.g., 
action=view and item="abc' by user “A”) and additionally, 
time data may be recorded and measured between interme 
diate interactions. 

In certain embodiments, only the most relevant pair is 
evaluated by the analysis in which relevance is determined 
based on the least time difference among the elements of any 
pair among any and all users. 

FIG. 2 is a flow diagram illustrating a method 200 for 
performing time-partitioned collaborative filtering in an 
on-demand service environment in accordance with dis 
closed embodiments. 
Method 200 may be performed by processing logic that 

may include hardware (e.g., circuitry, dedicated logic, pro 
grammable logic, microcode, etc.), software (e.g., instruc 
tions run on a processing device to perform various opera 
tions such receiving, accessing, recording, analyzing, 
generating, populating, storing, updating, Sorting, ranking, 
and transmitting information and data in pursuance of the 
systems and methods for performing time-partitioned col 
laborative filtering in an on-demand service environment, as 
described herein. Some of the blocks and/or operations 
listed below are optional in accordance with certain embodi 
ments. The numbering of the blocks presented is for the sake 
of clarity and is not intended to prescribe an order of 
operations in which the various blocks must occur. 
Method 200 begins with processing logic at block 205 for 

receiving as input, a plurality of access requests for data 
stored within a host organization and a corresponding plu 
rality of actions for the data to which access is requested. 

At block 210, processing logic accesses an input table 
having a time field, action field, item field, and agent field 
therein. 

At block 215, processing logic records time data and 
agent data for each of the received plurality of access 
requests and the corresponding plurality of actions. 
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At block 220, processing logic records an item within the 

item field and an action within the action field for each of the 
received plurality of access requests and the corresponding 
plurality of actions based on the action performed on an item 
of the data to which access is requested. 
At block 225, processing logic analyzes the input table to 

generate an output table having therein one or more pairs of 
first actions and items to second actions and items and a time 
based score for each of the one or more pairs, in which the 
time based score is dependent upon a time between the 
actions for each of the one or more pairs. For example, the 
output table may be a collaborative filter table generated, 
updated, or populated as a result of the analyzing to hold the 
output. At this point, all of the generated pairs are stored. 
These stored results will then be used to serve recommen 
dations to many users, and thus, not all the stages in need to 
be repeated every time a recommendation is served to a user. 
At block 230, processing logic receives, from a user, a 

view request for a record specified by the user. 
At block 235, processing logic sends to the user, unso 

licited recommendations for records to be viewed by the 
user based on the analyzing and based further on the record 
currently being viewed by the user and/or records recently 
viewed by the user. The hashed line from 235 indicates that 
processing may return to the flow just before block 230, and 
receive new requests and send new recommendations, with 
out having to re-perform the prior operations. 

According to one embodiment of the method 200, the 
input table further includes an agent having initiated the 
action on the item; and further in which the input table 
records each of (i) agent, (ii) action, (iii) item, and (iv) time, 
for each of the plurality of access requests received as input. 
An “agent may be, for example, a user of the available 
system, or an Such entity or agent capable of triggering a 
request which is received with the input. 

analyzing the input table to generate the one or more pairs 
includes generating as output, the one or more pairs based on 
the analyzing. 

According to another embodiment of the method 200, 
analyzing the input table to generate the one or more pairs 
includes generating a collaborative filter table as output for 
each of the one or more pairs: (i) action a; (ii) item a 
Subjected to action a by any entity; (iii) action b; (iv) 
item b subjected to action b by the same entity; and (v) the 
time based score having been derived based at least in part 
on a time difference between item a Subjected to action a 
and item b subjected to action b by the same entity. Thus, 
four distinct fields or output elements are yielded along with 
a time based score according to Such an embodiment. The 
time based score may represent predictive value or related 
ness of the pair upon which future recommendations may be 
based. 

According to another embodiment of the method 200, 
analyzing the input table to generate the one or more pairs 
includes outputting, for each of the one or more pairs: a first 
action and a first item and a second item and a second item 
as a related pair when an entity performing the first action on 
the first item as the data requested with a first access request 
also performs the second action on the second item as the 
data requested with a second access request by the same 
entity; and a time based score based at least in part on a 
difference between first time data recorded for the first action 
on the first item and second time data recorded for the 
second action on the second item. 

According to another embodiment of the method 200, 
analyzing the input table to generate the one or more pairs 
and the time based score for each of the one or more pairs 
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includes: increasing scoring for pairs occurring with greater 
frequency over pairs occurring with lesser frequency. 

According to another embodiment of the method 200, 
analyzing the input table to generate the one or more pairs 
and the time based score for each of the one or more pairs 
includes: increasing scoring for pairs having elements occur 
ring closer in time to one another over pairs having elements 
occurring greater in time from one another. According to a 
variant of Such an embodiment, increasing scoring for pairs 
having elements occurring closer in time to one another over 
pairs having elements occurring greater in time from one 
another includes: determining a difference between first time 
data recorded for a first action on a first item of the pair and 
second time data recorded for a second action on a second 
item of the pair; and performing one of the following special 
case operations to the difference: (a) applying a linear 
weighting to the difference of the pair, in which pairs having 
elements closer in time to one another result in a greater 
linear weighting over pairs having elements occurring 
greater in time from one another; (b) applying a weighting 
proportional to a function f of the time difference, in which 
f is monotonically decreasing so that a greater time differ 
ence results in a lower score; (c) applying an exponential 
weighting function f where f-2 (-ktimeDiff); or (d) apply 
ing a squared weighting function f where f-timeDiff(-0.5). 
Such special case operations are not required according to 
certain embodiments, but may optionally be employed, as 
desired. 

According to another embodiment of the method 200, 
analyzing the input table to generate the one or more pairs 
and the time based score for each of the one or more pairs 
includes: establishing a pair when any entity performing a 
first action on a first item also performs a second action on 
a second item; and applying a weighted time based score to 
the pair established based on a difference between first time 
data recorded for the first action on the first item and second 
time data recorded for the second action on the second item. 

According to another embodiment, the method 200 fur 
ther includes: establishing a second pair, identical to the first 
pair, when any second entity performing a first action on a 
first item also performs a second action on a second item; 
applying a second weighted time based score to the second 
pair established based on a difference between third time 
data recorded for the first action on the first item and fourth 
time data recorded for the second action on the second item; 
and summing the first weighted time based score for the first 
pair and the second weighted time based score for the second 
pair, in which the Summing represents both frequency of the 
established pairs and time relatedness of the established 
pairs respective elements. 

According to another embodiment, recording time data 
within the time field for each of the received plurality of 
access requests and the corresponding plurality of actions 
includes one of: (a) recording a time stamp representing 
when each item is accessed; (b) recording a time stamp 
representing when each action is performed on the corre 
sponding item of the data to which access is requested; or 
performing both, thus (c) recording both (a) and (b). 

According to another embodiment, analyzing the input 
table to generate one or more pairs of first actions and items 
to second actions and items and a time based score for each 
of the one or more pairs includes: applying a weighted time 
based score to every instance for a pair in which a first item 
Subjected to a first action by any entity is matched to a 
second item subjected to a second action by the same entity; 
Summing all weighted time based score S for every instance 
of the pair resulting in a Summed score for all instances of 
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10 
the pair, in which every instance of the pair contributes to the 
Summed score, and further in which instances of the pair 
having a smaller time difference between the first action and 
second action contribute greater to the Summed score than 
instances of the pair having a greater time difference 
between the first action and the second action. 

According to another embodiment, analyzing the input 
table to generate one or more pairs of first actions and items 
to second actions and items and a time based score for each 
of the one or more pairs includes: eliminating any instance 
of a pair from scoring when a time difference between a first 
action and a second action for the instance of the pair 
exceeds a time threshold or is less than a score threshold, 
where the score threshold is proportional to the time thresh 
old according to a weighting function f applying a weighted 
time based score to every remaining instance for the pair in 
which the time difference between the first action and the 
second action for the instance of the pair is within the time 
threshold; and Summing all weighted time based score S for 
every remaining instance of the pair resulting in a Summed 
score for all remaining instances of the pair, in which 
remaining instances of the pair having a smaller time 
difference between the first action and second action con 
tribute greater to the Summed score than remaining instances 
of the pair having a greater time difference between the first 
action and the second action. 

According to another embodiment, method 200 further 
includes: indexing at least the time field of the input table: 
and in which analyzing the input table to generate one or 
more pairs of first actions and items to second actions and 
items and a time based score for each of the one or more 
pairs includes terminating a query prematurely based on the 
indexed time field exceeding a time threshold indicating 
permissible records for consideration by the analyzing. For 
example, Input data may be organized in Such a way that a 
specified time chunk can be easily accessed. An index may 
be useful where such data is stored in a table. If the data is 
stored somewhere else, for example a log file, then Such data 
can be ordered according to date. For example in each 
increment, the analyzing iteration cycle simply processes the 
last part of the log which is at the end of the file due to the 
ordering. 

According to another embodiment, analyzing the input 
table to generate one or more pairs of first actions and items 
to second actions and items and a time based score for each 
of the one or more pairs includes executing an SQL query to: 
count all pairs; group all pairs by action afitem a and 
action b/item b; and filter via a WHERE clause of the SQL 
query to negate any pairs exceeding a time threshold based 
on the time field. According to another variant of Such an 
embodiment, the WHERE clause of the SQL query is to 
further: filter out any instances of a pair having a negative 
time difference indicating action b/item b occurred prior in 
time to action a? item a. 

According to another embodiment, analyzing the input 
table to generate one or more pairs of first actions and items 
to second actions and items and a time based score for each 
of the one or more pairs includes: instituting a directionality 
requirement for establishment of a pair such that a first 
action and item that occurs in time before a second action 
and item represents a valid pair but the second action and 
item occurring in time before the first action and item is not 
a valid pair. 

According to another embodiment, analyzing the input 
table to generate the one or more pairs and the time based 
score for each of the one or more pairs includes: applying the 
analyzing to a plurality of overlapping time chunks, based 



US 9,639,616 B2 
11 

on the time data recorded. According to a variant of Such an 
embodiment, applying the analyzing to the plurality of 
overlapping time chunks includes: incrementally analyzing 
the input table by iteratively performing the analyzing 
against the input table for each of the plurality of overlap 
ping time chunks, in which each iteration includes: (a) 
selecting one of the plurality of overlapping time chunks 
having records therein corresponding to a period of time 
Subsequent to the preceding incremental analyzing based on 
the time data recorded; and (b) analyzing the selected one of 
the plurality of overlapping time chunks without re-analyZ 
ing the remaining plurality of overlapping time chunks 
having records therein corresponding to a period of time 
during or prior to the preceding incremental analyzing based 
on the time data recorded. 

Thus, the analysis may be applied to all of the data at 
hand, up until the present time or up until the latest parti 
tioned overlapping time chunk, but then later, Such as 20 
minutes later or the next day, when there is new data for 
consideration, the new data may be analyzed as an incre 
mental addition for only that data within the latest overlap 
ping time chunk, without having to re-process the analysis 
for all of the preceding data or all of the date before the latest 
overlapping time chunk. Old events may still be relevant, 
though they will not be scored as well as pairs established 
from wholly new data because of the passing of time 
reducing the weighting or contribution value that will be 
attributed to the pairs established using the old dataset 
having actions--items so far in the past. Further still, because 
the old events are sufficiently in the past, it may be appro 
priate to trigger an early exit or an early cut off from the 
analysis of the older data due to the amount of time being in 
excess of a specified time threshold. For instance, the 
analysis may dictate that only data pairs having less than 20 
minutes difference in time are considered, or whatever the 
incremental value is chosen to be. Analysis then applied to 
the new incremental dataset will yield far fewer determined 
pairs from the older data, unless there were, perhaps, edge 
cases, such as an item--action toward the end of the prior 
time chunk and another item--action near the beginning of 
the next time chunk for the same user, in which case a pair 
is more likely to be established, despite straddling two 
disparate time chunks. 

According to another embodiment, method 200 further 
includes: receiving as input, the plurality of access requests 
from one or more client devices, each of the one or more 
client devices being communicably interfaced with the host 
organization via a network; and sending unsolicited recom 
mendations for records to be viewed to at least one of the 
client devices without regard to which of the client devices 
are associated with any of the plurality of access requests. 
According to a variant of this embodiment, the data stored 
within the host organization includes the data being stored 
within a multi-tenant database system of the host organiza 
tion; and in which the method 200 further includes: receiv 
ing as input, the plurality of access requests from one or 
more client devices of a plurality of customer organizations, 
in which each customer organization is an entity selected 
from the group consisting of a separate and distinct remote 
organization, an organizational group within the host orga 
nization, a business partner of the host organization, or a 
customer organization that Subscribes to cloud computing 
services provided by the host organization. 

According to another embodiment, the multi-tenant data 
base system includes elements of hardware and software that 
are shared by a plurality of separate and distinct customer 
organizations, each of the separate and distinct customer 
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12 
organizations being remotely located from the host organi 
Zation having the multi-tenant database system operating 
therein. 

In accordance with one embodiment, there is a non 
transitory computer readable storage medium having 
instructions stored thereon that, when executed by a proces 
sor in a host organization, the instructions cause the host 
organization to perform operations including: receiving as 
input, a plurality of access requests for data stored within the 
host organization and a corresponding plurality of actions 
for the data to which access is requested; accessing an input 
table having a time field, action field, item field, and agent 
field therein; recording time data and agent data for each of 
the received plurality of access requests and the correspond 
ing plurality of actions; recording an item within the item 
field and an action within the action field for each of the 
received plurality of access requests and the corresponding 
plurality of actions based on the action performed on an item 
of the data to which access is requested; and analyzing the 
input table to generate one or more pairs of first actions and 
items to second actions and items and a time based score for 
each of the one or more pairs in a collaborative filter table 
as output, in which the time based score is dependent upon 
a time between the actions for each of the one or more pairs. 

FIG. 3 depicts an alternative exemplary architectural 
overview 300 of the environment in which embodiments 
may operate. In particular, there are depicted multiple cus 
tomer organizations 305A, 305B, and 305C. Obviously, 
there may be many more customer organizations than those 
depicted. In the depicted embodiment, each of the customer 
organizations 305A-C includes at least one client device 
306A, 306B, and 306C. A user may be associated with such 
a client device, and may further initiate requests to the host 
organization 310 which is connected with the various cus 
tomer organizations 305A-C and client devices 306A-C via 
network 325. Access requests 315 are depicted as being 
communicated to the host organization 310 from such client 
devices 306A-C. The host organization may responsively 
issue responses and results for viewing to the respective 
client devices 306A-C depending on the request. The host 
organization 310 may also or alternatively send unsolicited 
recommendations to the client devices 306A-C, for example, 
recommendations for next records that may be viewed based 
on the analysis described herein and based further on records 
currently or recently viewed by such a client device 306A-C. 

Within host organization 310 is a request interface 375 
which receives the access requests 315 and other requests 
from the client devices 306A-C. Further depicted is a query 
interface 380 which operates to query database 350 in 
fulfillment of such access requests 315. 

FIG. 4 depicts an exemplary architectural overview 400 
of the environment in which embodiments may operate. 

According to one embodiment, there is a system 410 to 
operate within a host organization 450, in which the system 
410 includes: a processor to execute instructions; a request 
interface 415 to receive as input 401, a plurality of access 
requests for data stored within a database 493 of the host 
organization 450 and a corresponding plurality of actions for 
the data to which access is requested. Such a system 410 
further includes: a table retriever 420 to access an input table 
421 having a time field, action field, and item field therein; 
a data recorder 425 operable in conjunction with the table 
retriever 420, in which the data recorder 425 is to: (a) record 
time data 426 within the time field for each of the received 
plurality of access requests 401 and the corresponding 
plurality of actions, and in which the data recorder 425 is to 
further (b) record an item 427 within the item field and an 
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action 428 within the action field for each of the received 
plurality of access requests 401 and the corresponding 
plurality of actions based on the action performed on an item 
of the data to which access is requested; and an analysis 
engine 430 to analyze the input table 421 to generate an 
output table or a collaborative filter table as output, the 
respective output table having therein one or more pairs 431 
of first actions and items to second actions and items and a 
time based score 432 for each of the one or more pairs 431. 

According to one embodiment of the system 410, there is 
a web-server 416 to implement the request interface 415 to 
receive as input, the plurality of access requests 401 from 
one or more client devices from among a plurality of 
customer organizations communicably interfaced with the 
host organization via a network; a multi-tenant database 
system 493 to implement the database (e.g., database 350 of 
FIG. 3); and in which each customer organization (e.g., 
305A-C of FIG. 3) constitutes an entity selected from the 
group consisting of a separate and distinct remote organi 
Zation, an organizational group within the host organization, 
a business partner of the host organization, or a customer 
organization that Subscribes to cloud computing services 
provided by the host organization. 

FIG. 5 illustrates a diagrammatic representation of a 
machine 500 in the exemplary form of a computer system, 
in accordance with one embodiment, within which a set of 
instructions, for causing the machine/computer system 500 
to perform any one or more of the methodologies discussed 
herein, may be executed. In alternative embodiments, the 
machine may be connected (e.g., networked) to other 
machines in a Local Area Network (LAN), an intranet, an 
extranet, or the Internet. The machine may operate in the 
capacity of a server or a client machine in a client-server 
network environment, as a peer machine in a peer-to-peer 
(or distributed) network environment, as a server or series of 
servers within an on-demand service environment. Certain 
embodiments of the machine may be in the form of a 
personal computer (PC), a tablet PC, a set-top box (STB), a 
Personal Digital Assistant (PDA), a cellular telephone, a 
web appliance, a server, a network router, Switch or bridge, 
computing system, or any machine capable of executing a 
set of instructions (sequential or otherwise) that specify 
actions to be taken by that machine. Further, while only a 
single machine is illustrated, the term “machine' shall also 
be taken to include any collection of machines (e.g., com 
puters) that individually or jointly execute a set (or multiple 
sets) of instructions to perform any one or more of the 
methodologies discussed herein. 
The exemplary computer system 500 includes a processor 

502, a main memory 504 (e.g., read-only memory (ROM), 
flash memory, dynamic random access memory (DRAM) 
such as synchronous DRAM (SDRAM) or Rambus DRAM 
(RDRAM), etc., static memory such as flash memory, static 
random access memory (SRAM), volatile but high-data rate 
RAM, etc.), and a secondary memory 518 (e.g., a persistent 
storage device including hard disk drives and a persistent 
database and/or a multi-tenant database implementation), 
which communicate with each other via a bus 530. Main 
memory 504 includes a table retriever 524 to access an input 
table having a time field, action field, and item field therein 
which is operable in conjunction with a data recorder 525. 
Main memory 504 further includes an analysis engine 523 to 
analyze the input table to generate one or more pairs of first 
actions and items to second actions and items and a time 
based score for each of the one or more pairs as described 
herein. Main memory 504 further includes data recorder 525 
to record time data, item, and action data. Main memory 504 
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and its Sub-elements are operable in conjunction with pro 
cessing logic 526 and processor 502 to perform the meth 
odologies discussed herein. 

Processor 502 represents one or more general-purpose 
processing devices Such as a microprocessor, central pro 
cessing unit, or the like. More particularly, the processor 502 
may be a complex instruction set computing (CISC) micro 
processor, reduced instruction set computing (RISC) micro 
processor, very long instruction word (VLIW) microproces 
Sor, processor implementing other instruction sets, or 
processors implementing a combination of instruction sets. 
Processor 502 may also be one or more special-purpose 
processing devices Such as an application specific integrated 
circuit (ASIC), a field programmable gate array (FPGA), a 
digital signal processor (DSP), network processor, or the 
like. Processor 502 is configured to execute the processing 
logic 526 for performing the operations and functionality 
which is discussed herein. 
The computer system 500 may further include a network 

interface card 508. The computer system 500 also may 
include a user interface 510 (such as a video display unit, a 
liquid crystal display (LCD), or a cathode ray tube (CRT)), 
an alphanumeric input device 512 (e.g., a keyboard), a 
cursor control device 514 (e.g., a mouse), and a signal 
generation device 516 (e.g., an integrated speaker). The 
computer system 500 may further include peripheral device 
536 (e.g., wireless or wired communication devices, 
memory devices, storage devices, audio processing devices, 
Video processing devices, etc.). 
The secondary memory 518 may include a non-transitory 

machine-readable or computer readable storage medium 531 
on which is stored one or more sets of instructions (e.g., 
software 522) embodying any one or more of the method 
ologies or functions described herein. The software 522 may 
also reside, completely or at least partially, within the main 
memory 504 and/or within the processor 502 during execu 
tion thereof by the computer system 500, the main memory 
504 and the processor 502 also constituting machine-read 
able storage media. The software 522 may further be trans 
mitted or received over a network 520 via the network 
interface card 508. 

FIG. 6 illustrates a block diagram of an example of an 
environment 610 in which an on-demand database service 
might be used. Environment 610 may include user systems 
612, network 614, system 616, processor system 617, appli 
cation platform 618, network interface 620, tenant data 
storage 622, system data storage 624, program code 626, and 
process space 628. In other embodiments, environment 610 
may not have all of the components listed and/or may have 
other elements instead of, or in addition to, those listed 
above. 

Environment 610 is an environment in which an on 
demand database service exists. User system 612 may be 
any machine or system that is used by a user to access a 
database user system. For example, any of user systems 612 
can be a handheld computing device, a mobile phone, a 
laptop computer, a work Station, and/or a network of com 
puting devices. As illustrated in FIG. 6 (and in more detail 
in FIG. 7) user systems 612 might interact via a network 614 
with an on-demand database service, which is system 616. 
An on-demand database service, such as system 616, is a 

database system that is made available to outside users that 
do not need to necessarily be concerned with building and/or 
maintaining the database system, but instead may be avail 
able for their use when the users need the database system 
(e.g., on the demand of the users). Some on-demand data 
base services may store information from one or more 
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tenants stored into tables of a common database image to 
form a multi-tenant database system (MTS). Accordingly, 
“on-demand database service 616 and “system 616' is used 
interchangeably herein. A database image may include one 
or more database objects. A relational database management 
system (RDMS) or the equivalent may execute storage and 
retrieval of information against the database object(s). 
Application platform 618 may be a framework that allows 
the applications of system 616 to run, such as the hardware 
and/or software, e.g., the operating system. In an embodi 
ment, on-demand database service 616 may include an 
application platform 618 that enables creation, managing 
and executing one or more applications developed by the 
provider of the on-demand database service, users accessing 
the on-demand database service via user systems 612, or 
third party application developers accessing the on-demand 
database service via user systems 612. 
The users of user systems 612 may differ in their respec 

tive capacities, and the capacity of a particular user system 
612 might be entirely determined by permissions (permis 
sion levels) for the current user. For example, where a 
salesperson is using a particular user system 612 to interact 
with system 616, that user system has the capacities allotted 
to that salesperson. However, while an administrator is using 
that user system to interact with system 616, that user system 
has the capacities allotted to that administrator. In systems 
with a hierarchical role model, users at one permission level 
may have access to applications, data, and database infor 
mation accessible by a lower permission level user, but may 
not have access to certain applications, database informa 
tion, and data accessible by a user at a higher permission 
level. Thus, different users will have different capabilities 
with regard to accessing and modifying application and 
database information, depending on a user's security or 
permission level. 

Network 614 is any network or combination of networks 
of devices that communicate with one another. For example, 
network 614 can be any one or any combination of a LAN 
(local area network), WAN (wide area network), telephone 
network, wireless network, point-to-point network, Star net 
work, token ring network, hub network, or other appropriate 
configuration. As the most common type of computer net 
work in current use is a TCP/IP (Transfer Control Protocol 
and Internet Protocol) network, such as the global internet 
work of networks often referred to as the “Internet” with a 
capital “I,” that network will be used in many of the 
examples herein. However, it is understood that the net 
works that the claimed embodiments may utilize are not so 
limited, although TCP/IP is a frequently implemented pro 
tocol. 

User systems 612 might communicate with system 616 
using TCP/IP and, at a higher network level, use other 
common Internet protocols to communicate. Such as HTTP, 
FTP, AFS, WAP, etc. In an example where HTTP is used, 
user system 612 might include an HTTP client commonly 
referred to as a “browser' for sending and receiving HTTP 
messages to and from an HTTP server at system 616. Such 
an HTTP server might be implemented as the sole network 
interface between system 616 and network 614, but other 
techniques might be used as well or instead. In some 
implementations, the interface between system 616 and 
network 614 includes load sharing functionality, such as 
round-robin HTTP request distributors to balance loads and 
distribute incoming HTTP requests evenly over a plurality of 
servers. At least as for the users that are accessing that 
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server, each of the plurality of servers has access to the 
MTS data; however, other alternative configurations may 
be used instead. 

In one embodiment, system 616, shown in FIG. 6, imple 
ments a web-based customer relationship management 
(CRM) system. For example, in one embodiment, system 
616 includes application servers configured to implement 
and execute CRM software applications as well as provide 
related data, code, forms, webpages and other information to 
and from user systems 612 and to store to, and retrieve from, 
a database system related data, objects, and Webpage con 
tent. With a multi-tenant system, data for multiple tenants 
may be stored in the same physical database object, how 
ever, tenant data typically is arranged so that data of one 
tenant is kept logically separate from that of other tenants so 
that one tenant does not have access to another tenant's data, 
unless such data is expressly shared. In certain embodi 
ments, system 616 implements applications other than, or in 
addition to, a CRM application. For example, system 616 
may provide tenant access to multiple hosted (standard and 
custom) applications, including a CRM application. User (or 
third party developer) applications, which may or may not 
include CRM, may be supported by the application platform 
618, which manages creation, storage of the applications 
into one or more database objects and executing of the 
applications in a virtual machine in the process space of the 
system 616. 
One arrangement for elements of system 616 is shown in 

FIG. 6, including a network interface 620, application plat 
form 618, tenant data storage 622 for tenant data 623, system 
data storage 624 for system data 625 accessible to system 
616 and possibly multiple tenants, program code 626 for 
implementing various functions of system 616, and a pro 
cess space 628 for executing MTS system processes and 
tenant-specific processes, such as running applications as 
part of an application hosting service. Additional processes 
that may execute on system 616 include database indexing 
processes. 

Several elements in the system shown in FIG. 6 include 
conventional, well-known elements that are explained only 
briefly here. For example, each user system 612 may include 
a desktop personal computer, workStation, laptop, PDA, cell 
phone, or any wireless access protocol (WAP) enabled 
device or any other computing device capable of interfacing 
directly or indirectly to the Internet or other network con 
nection. User system 612 typically runs an HTTP client, e.g., 
a browsing program, Such as Microsoft's Internet Explorer 
browser, Netscape's Navigator browser, Opera's browser, or 
a WAP-enabled browser in the case of a cell phone, PDA or 
other wireless device, or the like, allowing a user (e.g., 
subscriber of the multi-tenant database system) of user 
system 612 to access, process and view information, pages 
and applications available to it from system 616 over 
network 614. Each user system 612 also typically includes 
one or more user interface devices, such as a keyboard, a 
mouse, trackball, touchpad, touch screen, pen or the like, for 
interacting with a graphical user interface (GUI) provided by 
the browser on a display (e.g., a monitor screen, LCD 
display, etc.) in conjunction with pages, forms, applications 
and other information provided by system 616 or other 
systems or servers. For example, the user interface device 
can be used to access data and applications hosted by System 
616, and to perform searches on stored data, and otherwise 
allow a user to interact with various GUI pages that may be 
presented to a user. As discussed above, embodiments are 
suitable for use with the Internet, which refers to a specific 
global internetwork of networks. However, it is understood 
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that other networks can be used instead of the Internet, such 
as an intranet, an extranet, a virtual private network (VPN), 
a non-TCP/IP based network, any LAN or WAN or the like. 

According to one embodiment, each user system 612 and 
all of its components are operator configurable using appli 
cations, such as a browser, including computer code run 
using a central processing unit Such as an Intel Pentium R 
processor or the like. Similarly, system 616 (and additional 
instances of an MTS, where more than one is present) and 
all of their components might be operator configurable using 
application(s) including computer code to run using a central 
processing unit such as processor System 617, which may 
include an Intel Pentium(R) processor or the like, and/or 
multiple processor units. 

According to one embodiment, each system 616 is con 
figured to provide webpages, forms, applications, data and 
media content to user (client) systems 612 to support the 
access by user systems 612 as tenants of system 616. As 
Such, system 616 provides security mechanisms to keep 
each tenant's data separate unless the data is shared. If more 
than one MTS is used, they may be located in close 
proximity to one another (e.g., in a server farm located in a 
single building or campus), or they may be distributed at 
locations remote from one another (e.g., one or more servers 
located in city A and one or more servers located in city B). 
As used herein, each MTS may include one or more logi 
cally and/or physically connected servers distributed locally 
or across one or more geographic locations. Additionally, the 
term "server is meant to include a computer system, 
including processing hardware and process space(s), and an 
associated storage system and database application (e.g., 
OODBMS or RDBMS) as is well known in the art. It is 
understood that “server system’’ and “server are often used 
interchangeably herein. Similarly, the database object 
described herein can be implemented as single databases, a 
distributed database, a collection of distributed databases, a 
database with redundant online or offline backups or other 
redundancies, etc., and might include a distributed database 
or storage network and associated processing intelligence. 

FIG. 7 illustrates a block diagram of an embodiment of 
elements of FIG. 6 and various possible interconnections 
between these elements. FIG. 7 also illustrates environment 
610. However, in FIG. 7, the elements of system 616 and 
various interconnections in an embodiment are further illus 
trated. FIG. 7 shows that user system 612 may include a 
processor system 612A, memory system 612B, input system 
612C, and output system 612D. FIG. 7 shows network 614 
and system 616. FIG. 7 also shows that system 616 may 
include tenant data storage 622, tenant data 623, System data 
storage 624, system data 625, User Interface (UI) 730, 
Application Program Interface (API) 732, PL/SOQL 734, 
save routines 736, application setup mechanism 738, appli 
cations servers 700-700 system process space 702, tenant 
process spaces 704, tenant management process space 710. 
tenant storage area 712, user storage 714, and application 
metadata 716. In other embodiments, environment 610 may 
not have the same elements as those listed above and/or may 
have other elements instead of, or in addition to, those listed 
above. 

User system 612, network 614, system 616, tenant data 
storage 622, and system data storage 624 were discussed 
above in FIG. 6. As shown by FIG. 7, system 616 may 
include a network interface 620 (of FIG. 6) implemented as 
a set of HTTP application servers 700, an application 
platform 618, tenant data storage 622, and system data 
storage 624. Also shown is system process space 702, 
including individual tenant process spaces 704 and a tenant 
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management process space 710. Each application server 700 
may be configured to tenant data storage 622 and the tenant 
data 623 therein, and system data storage 624 and the system 
data 625 therein to serve requests of user systems 612. The 
tenant data 623 might be divided into individual tenant 
storage areas 712, which can be either a physical arrange 
ment and/or a logical arrangement of data. Within each 
tenant storage area 712, user storage 714 and application 
metadata 716 might be similarly allocated for each user. For 
example, a copy of a user's most recently used (MRU) items 
might be stored to user storage 714. Similarly, a copy of 
MRU items for an entire organization that is a tenant might 
be stored to tenant storage area 712. A UI 730 provides a 
user interface and an API 732 provides an application 
programmer interface to system 616 resident processes to 
users and/or developers at user systems 612. The tenant data 
and the system data may be stored in various databases, such 
as one or more OracleTM databases. 

Application platform 618 includes an application setup 
mechanism 738 that supports application developers cre 
ation and management of applications, which may be saved 
as metadata into tenant data storage 622 by save routines 736 
for execution by Subscribers as one or more tenant process 
spaces 704 managed by tenant management process space 
710 for example. Invocations to such applications may be 
coded using PL/SOOL 734 that provides a programming 
language style interface extension to API 732. Invocations to 
applications may be detected by one or more system pro 
cesses, which manages retrieving application metadata 716 
for the Subscriber making the invocation and executing the 
metadata as an application in a virtual machine. 

Each application server 700 may be communicably 
coupled to database systems, e.g., having access to system 
data 625 and tenant data 623, via a different network 
connection. For example, one application server 700 might 
be coupled via the network 614 (e.g., the Internet), another 
application server 700 might be coupled via a direct 
network link, and another application server 700 might be 
coupled by yet a different network connection. Transfer 
Control Protocol and Internet Protocol (TCP/IP) are typical 
protocols for communicating between application servers 
700 and the database system. However, it will be apparent to 
one skilled in the art that other transport protocols may be 
used to optimize the system depending on the network 
interconnect used. 

In certain embodiments, each application server 700 is 
configured to handle requests for any user associated with 
any organization that is a tenant. Because it is desirable to be 
able to add and remove application servers from the server 
pool at any time for any reason, there is preferably no server 
affinity for a user and/or organization to a specific applica 
tion server 700. In one embodiment, therefore, an interface 
system implementing a load balancing function (e.g., an F5 
Big-IP load balancer) is communicably coupled between the 
application servers 700 and the user systems 612 to distrib 
ute requests to the application servers 700. In one embodi 
ment, the load balancer uses a least connections algorithm to 
route user requests to the application servers 700. Other 
examples of load balancing algorithms, such as round robin 
and observed response time, also can be used. For example, 
in certain embodiments, three consecutive requests from the 
same user may hit three different application servers 700, 
and three requests from different users may hit the same 
application server 700. In this manner, system 616 is multi 
tenant, in which system 616 handles storage of and access 
to, different objects, data and applications across disparate 
users and organizations. 
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As an example of storage, one tenant might be a company 
that employs a sales force where each salesperson uses 
system 616 to manage their sales process. Thus, a user might 
maintain contact data, leads data, customer follow-up data, 
performance data, goals and progress data, etc., all appli 
cable to that user's personal sales process (e.g., in tenant 
data storage 622). In an example of a MTS arrangement, 
since all of the data and the applications to access, view, 
modify, report, transmit, calculate, etc., can be maintained 
and accessed by a user system having nothing more than 
network access, the user can manage his or her sales efforts 
and cycles from any of many different user systems. For 
example, if a salesperson is visiting a customer and the 
customer has Internet access in their lobby, the salesperson 
can obtain critical updates as to that customer while waiting 
for the customer to arrive in the lobby. 

While each user's data might be separate from other 
users’ data regardless of the employers of each user, some 
data might be organization-wide data shared or accessible by 
a plurality of users or all of the users for a given organization 
that is a tenant. Thus, there might be some data structures 
managed by system 616 that are allocated at the tenant level 
while other data structures might be managed at the user 
level. Because an MTS might support multiple tenants 
including possible competitors, the MTS may have security 
protocols that keep data, applications, and application use 
separate. Also, because many tenants may opt for access to 
an MTS rather than maintain their own system, redundancy, 
up-time, and backup are additional functions that may be 
implemented in the MTS. In addition to user-specific data 
and tenant specific data, system 616 might also maintain 
system level data usable by multiple tenants or other data. 
Such system level data might include industry reports, news, 
postings, and the like that are sharable among tenants. 

In certain embodiments, user systems 612 (which may be 
client systems) communicate with application servers 700 to 
request and update system-level and tenant-level data from 
system 616 that may require sending one or more queries to 
tenant data storage 622 and/or system data storage 624. 
System 616 (e.g., an application server 700 in system 616) 
automatically generates one or more SQL statements (e.g., 
one or more SQL queries) that are designed to access the 
desired information. System data storage 624 may generate 
query plans to access the requested data from the database. 

Each database can generally be viewed as a collection of 
objects, such as a set of logical tables, containing data fitted 
into predefined categories. A “table' is one representation of 
a data object, and may be used herein to simplify the 
conceptual description of objects and custom objects as 
described herein. It is understood that “table' and “object’ 
may be used interchangeably herein. Each table generally 
contains one or more data categories logically arranged as 
columns or fields in a viewable schema. Each row or record 
of a table contains an instance of data for each category 
defined by the fields. For example, a CRM database may 
include a table that describes a customer with fields for basic 
contact information Such as name, address, phone number, 
fax number, etc. Another table might describe a purchase 
order, including fields for information Such as customer, 
product, sale price, date, etc. In some multi-tenant database 
systems, standard entity tables might be provided for use by 
all tenants. For CRM database applications, such standard 
entities might include tables for Account, Contact, Lead, and 
Opportunity data, each containing pre-defined fields. It is 
understood that the word “entity” may also be used inter 
changeably herein with "object' and “table.” 
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In some multi-tenant database systems, tenants may be 

allowed to create and store custom objects, or they may be 
allowed to customize standard entities or objects, for 
example by creating custom fields for standard objects, 
including custom index fields. In certain embodiments, for 
example, all custom entity data rows are stored in a single 
multi-tenant physical table, which may contain multiple 
logical tables per organization. It is transparent to customers 
that their multiple “tables' are in fact stored in one large 
table or that their data may be stored in the same table as the 
data of other customers. 

While the subject matter disclosed herein has been 
described by way of example and in terms of the specific 
embodiments, it is to be understood that the claimed 
embodiments are not limited to the explicitly enumerated 
embodiments disclosed. To the contrary, the disclosure is 
intended to cover various modifications and similar arrange 
ments as are apparent to those skilled in the art. Therefore, 
the scope of the appended claims are to be accorded the 
broadest interpretation so as to encompass all such modifi 
cations and similar arrangements. It is to be understood that 
the above description is intended to be illustrative, and not 
restrictive. Many other embodiments will be apparent to 
those of skill in the art upon reading and understanding the 
above description. The scope of the disclosed subject matter 
is therefore to be determined in reference to the appended 
claims, along with the full scope of equivalents to which 
Such claims are entitled. 
What is claimed is: 
1. A method executed by a system having at least a 

processor and a memory therein, wherein the method com 
prises: 

receiving as input at the system, a plurality of access 
requests by a plurality of users for data stored by the 
system; 

determining a corresponding plurality of actions associ 
ated with the data to which access is requested by a first 
user to generate a plurality of related pairs by the first 
user from the plurality of access requests received as 
input and the data stored by the system, each of the 
plurality of related pairs including (i) a respective first 
action and item, (ii) a respective second action and item 
and (iii) a time difference between access requests by 
the first user for the related pair determined based on 
time data for each of the respective first action and item 
accessed by the first user and the respective second 
action and item as accessed by the first user, 

generating additional related pairs by one or more addi 
tional users from the plurality of access requests for the 
additional users; 

wherein every related pair among the plurality of related 
pairs corresponds to exactly one of the plurality of 
users in which both first and second access requests for 
every one of the plurality of related pairs are associated 
with a same user for the respective pair; 

partitioning the generated plurality of related pairs into a 
plurality of overlapping time chunks; 

iteratively analyzing the generated plurality of related 
pairs, wherein each iteration of analysis evaluates only 
related pairs within a single one of the plurality of 
overlapping time chunks, wherein each iteration of 
analysis comprises generating a predictive value for the 
related pairs within the single one of the plurality of 
overlapping time chunks being analyzed by decreasing 
a weighting for the related pairs having elements far 
ther apart in time based on the time difference of each 
related pair and by increasing the weighting of the 
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related pairs having elements closer in time to one 
another based on the time difference of each related 
pair, and 

Summing the weightings from all of the plurality of 
overlapping time chunks to establish a time based score 
for each related pair, wherein the time based score for 
each related pair indicates the predictive value for the 
related pair. 

2. The method of claim 1: 
wherein an agent corresponds to a user having initiated 

the action on the item; and 
wherein an input table records each of (i) agent, (ii) 

action, (iii) item, and (iv) time, for each of the plurality 
of access requests received as input. 

3. The method of claim 1, wherein the analyzing com 
prises generating a collaborative filter table as output having 
the related pairs recorded therein based on the analyzing. 

4. The method of claim 1, wherein the analyzing com 
prises generating a collaborative filter table as output, 
wherein the collaborative filter table records as output for 
each of the related pairs: 

(i) action a 
(ii) item a subjected to action a by any entity; 
(iii) action b: 
(iv) item b subjected to action b by the same entity; and 
(v) the time based score having been derived based at least 

in part on a time difference between item a subjected 
to action a and item b subjected to action b by the 
same entity. 

5. The method of claim 1, wherein the analyzing com 
prises outputting, for each of the related pairs: 

a first action and a first item and a second action and a 
second item as a related pair when an entity performing 
the first action on the first item as the data requested 
with a first access request also performs the second 
action on the second item as the data requested with a 
second access request by the same entity; and 

the time based score having been based at least in part on 
a difference between first time data recorded for the first 
action on the first item and second time data recorded 
for the second action on the second item. 

6. The method of claim 1, further comprising: 
increasing scoring for pairs having elements occurring 

closer in time to one another over pairs having elements 
occurring greater in time; 

determining a difference between first time data recorded 
for a first action on a first item of the pair and second 
time data recorded for a second action on a second item 
of the pair; and 

performing one of the following special case operations to 
the difference: 

(a) applying a linear weighting to the difference of the 
pair, wherein pairs having elements closer in time to 
one another result in a greater linear weighting over 
pairs having elements occurring greater in time from 
one another; 

(b) applying a weighting proportional to a function f of the 
time difference, wherein f is monotonically decreasing 
So that a greater time difference results in a lower score; 

(c) applying an exponential weighting function f where 
f2 (-ktimeDiff); or 

(d) applying a squared weighting function f where 
f–timeDiff (-0.5). 

7. The method of claim 1, wherein the analyzing com 
prises 
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establishing a pair when any entity performing a first 

action on a first item also performs a second action on 
a second item; and 

applying a weighted time based score to the pair estab 
lished based on a difference between first time data 
recorded for the first action on the first item and second 
time data recorded for the second action on the second 
item. 

8. The method of claim 7, further comprising: 
establishing a second pair, identical to the first pair, when 

any second entity performing a first action on a first 
item also performs a second action on a second item; 

applying a second weighted time based score to the 
second pair established based on a difference between 
third time data recorded for the first action on the first 
item and fourth time data recorded for the second 
action on the second item; and 

summing the first weighted time based score for the first 
pair and the second weighted time based score for the 
second pair, wherein the Summing represents both 
frequency of the established pairs and time relatedness 
of the established pairs respective elements. 

9. The method of claim 1, further comprising: 
recording time data within the time field for each of the 

received plurality of access requests and the corre 
sponding plurality of actions by one of: 

(a) recording a time stamp representing when each item is 
accessed; 

(b) recording a time stamp representing when each action 
is performed on the corresponding item of the data to 
which access is requested; and 

(c) recording both (a) and (b). 
10. The method of claim 1, wherein the analyzing com 

prises: 
applying a weighted time based score to every instance 

for a pair in which a first item subjected to a first action 
by any entity is matched to a second item Subjected to 
a second action by the same entity; 

Summing all weighted time based scores for every 
instance of the pair resulting in a Summed score for all 
instances of the pair, wherein every instance of the pair 
contributes to the Summed score, and further wherein 
instances of the pair having a smaller time difference 
between the first action and second action contribute 
greater to the Summed score than instances of the pair 
having a greater time difference between the first action 
and the second action. 

11. The method of claim 1, wherein the analyzing com 
prises: 

eliminating any instance of a pair from scoring when a 
time difference between a first action and a second 
action for the instance of the pair exceeds a time 
threshold or is less than a score threshold, where the 
score threshold is proportional to the time threshold 
according to a weighting function f: 

applying a weighted time based score to every remaining 
instance for the pair in which the time difference 
between the first action and the second action for the 
instance of the pair is within the time threshold; and 

Summing all weighted time based scores for every 
remaining instance of the pair resulting in a Summed 
score for all remaining instances of the pair, wherein 
remaining instances of the pair having a smaller time 
difference between the first action and second action 
contribute greater to the Summed score than remaining 
instances of the pair having a greater time difference 
between the first action and the second action. 
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12. The method of claim 1, wherein the method further 
comprises: 

indexing at least a time field of an input table; and 
wherein the analyzing comprises: 
terminating a query prematurely based on the indexed 

time field exceeding a time threshold indicating per 
missible records for consideration by the analyzing. 

13. The method of claim 1, wherein the analyzing com 
prises: 

executing an SQL query to: 
count all pairs; 
group all pairs by action afitem a and action b/item b: 

and 
filter via a WHERE clause of the SQL query to negate any 

pairs exceeding a time threshold based on the time 
field. 

14. The method of claim 13, wherein the WHERE clause 
of the SQL query is to further: 

filter out any instances of a pair having a negative time 
difference indicating action b/item b occurred prior in 
time to action a? item a. 

15. The method of claim 1, wherein the analyzing com 
prises: 

instituting a directionality requirement for establishment 
of a pair Such that a first action and item that occurs in 
time before a second action and item represents a valid 
pair but the second action and item occurring in time 
before the first action and item is not a valid pair. 

16. The method of claim 1, wherein the method further 
comprises: 

recording time data within the time field for each of the 
received plurality of access requests and the corre 
sponding plurality of actions; and 

wherein the analyzing comprises: 
applying the analyzing to the plurality of overlapping time 

chunks, based on the time data recorded. 
17. The method of claim 16, wherein applying the ana 

lyzing to the plurality of overlapping time chunks com 
prises: 

incrementally analyzing the input table by iteratively 
performing the analyzing against the input table for 
each of the plurality of overlapping time chunks, 
wherein each iteration comprises: 

(a) selecting one of the plurality of overlapping time 
chunks having records therein corresponding to a 
period of time Subsequent to the preceding incremental 
analyzing based on the time data recorded; and 

(b) analyzing the selected one of the plurality of overlap 
ping time chunks without re-analyzing the remaining 
plurality of overlapping time chunks having records 
therein corresponding to a period of time during or 
prior to the preceding incremental analyzing based on 
the time data recorded. 

18. The method of claim 1, further comprising: 
receiving from a user, a view request for a record specified 
by the user; and 

sending to the user, unsolicited recommendations for 
records to be viewed by the user based on the analyzing 
and based further on the record currently being viewed 
by the user and/or records recently viewed by the user. 

19. The method of claim 1, further comprising: 
receiving as input, the plurality of access requests from 

one or more client devices, each of the one or more 
client devices being communicably interfaced with a 
host organization having the system therein via a net 
work; and 
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24 
sending unsolicited recommendations for records to be 

viewed to at least one of the client devices without 
regard to which of the client devices are associated with 
any of the plurality of access requests. 

20. The method of claim 1: 
wherein the data stored within the system comprises the 

data being stored within a multi-tenant database system 
of a host organization; and 

wherein the method further comprises: 
receiving as input, the plurality of access requests from 

one or more client devices of a plurality of customer 
organizations, wherein each customer organization is 
an entity selected from the group consisting of: 

a separate and distinct remote organization, an organiza 
tional group within the host organization, a business 
partner of the host organization, or a customer organi 
Zation that Subscribes to cloud computing services 
provided by the host organization. 

21. The method of claim 20, wherein the multi-tenant 
database system comprises elements of hardware and soft 
ware that are shared by a plurality of separate and distinct 
customer organizations, each of the separate and distinct 
customer organizations being remotely located from the host 
organization having the multi-tenant database system oper 
ating therein. 

22. Non-transitory computer readable storage medium 
having instructions stored thereon that, when executed by a 
processor of a system, the instructions cause the system to 
perform operations comprising: 

receiving as input at the system, a plurality of access 
requests by a plurality of users for data stored by the 
system; 

determining a corresponding plurality of actions associ 
ated with the data to which access is requested by a first 
user to generate a plurality of related pairs by the first 
user from the plurality of access requests received as 
input and the data stored by the system, each of the 
plurality of related pairs including (i) a respective first 
action and item, (ii) a respective second action and item 
and (iii) a time difference between access requests by 
the first user for the related pair determined based on 
time data for each of the respective first action and item 
accessed by the first user and the respective second 
action and item as accessed by the first user, 

generating additional related pairs by one or more addi 
tional users from the plurality of access requests for the 
additional users; 

wherein every related pair among the plurality of related 
pairs corresponds to exactly one of the plurality of 
users in which both first and second access requests for 
every one of the plurality of related pairs are associated 
with a same user for the respective pair; 

partitioning the generated plurality of related pairs into a 
plurality of overlapping time chunks; 

iteratively analyzing the generated plurality of related 
pairs, wherein each iteration of analysis evaluates only 
related pairs within a single one of the plurality of 
overlapping time chunks, wherein each iteration of 
analysis comprises generating a predictive value for the 
related pairs within the single one of the plurality of 
overlapping time chunks being analyzed by decreasing 
a weighting for the related pairs having elements far 
ther apart in time based on the time difference of each 
related pair and by increasing the weighting of the 
related pairs having elements closer in time to one 
another based on the time difference of each related 
pair, and 
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Summing the weightings from all of the plurality of 
overlapping time chunks to establish a time based score 
for each related pair, wherein the time based score for 
each related pair indicates the predictive value for the 
related pair. 

23. The non-transitory computer readable storage medium 
of claim 22, wherein the analyzing comprises: 

generating a collaborative filter table as output, wherein 
the collaborative filter table records as output for each 
of the one or more pairs: 

(i) action a: 
(ii) item a subjected to action a by any entity; 
(iii) action b: 
(iv) item b subjected to action b by the same entity; and 
(v) the time based score having been derived based at least 

in part on a time difference between item a subjected 
to action a and item b subjected to action b by the 
same entity. 

24. The non-transitory computer readable storage medium 
of claim 22, wherein the analyzing comprises: 

eliminating any instance of a pair from scoring when a 
time difference between a first action and a second 
action for the instance of the pair exceeds a time 
threshold; 

applying a weighted time based score to every remaining 
instance for the pair in which the time difference 
between the first action and the second action for the 
instance of the pair is within the time threshold; and 

Summing all weighted time based scores for every 
remaining instance of the pair resulting in a summed 
Score for all remaining instances of the pair, wherein 
remaining instances of the pair having a smaller time 
difference between the first action and second action 
contribute greater to the Summed score than remaining 
instances of the pair having a greater time difference 
between the first action and the second action. 

25. The non-transitory computer readable storage medium 
of claim 22, wherein the instructions cause the system to 
perform further operations comprising: 

indexing at least the time field of the input table; and 
wherein the analyzing comprises: 
terminating a query prematurely based on the indexed 

time field exceeding a time threshold indicating per 
missible records for consideration by the analyzing. 

26. A system comprising: 
a processor to execute instructions; 
a request interface to receive as input at the system, a 

plurality of access requests for data stored by the 
system; 

an analysis engine to determine a corresponding plurality 
of actions associated with the data to which access is 
requested by a first user to generate a plurality of 
related pairs by the first user from the plurality of 
access requests received as input and the data stored by 
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the system, each of the plurality of related pairs includ 
ing (i) a respective first action and item, (ii) a respective 
Second action and item and (iii) a time difference 
between access requests by the first user for the related 
pair determined based on time data for each of the 
respective first action and item accessed by the first 
user and the respective second action and item as 
accessed by the first user; 

the analysis engine to generate additional related pairs by 
one or more additional users from the plurality of 
access requests for the additional users; 

wherein every related pair among the plurality of related 
pairs corresponds to exactly one of the plurality of 
users in which both first and second access requests for 
every one of the plurality of related pairs are associated 
with a same user for the respective pair; 

the analysis engine to partition the generated plurality of 
related pairs into a plurality of overlapping time 
chunks; 

the analysis engine to iteratively analyze the generated 
plurality of related pairs, wherein each iteration of 
analysis evaluates only related pairs within a single one 
of the plurality of overlapping time chunks, wherein 
each iteration of analysis comprises generating a pre 
dictive value for the related pairs within the single one 
of the plurality of overlapping time chunks being 
analyzed by decreasing a weighting for the related pairs 
having elements farther apart in time based on the time 
difference of each related pair and by increasing the 
weighting of the related pairs having elements closer in 
time to one another based on the time difference of each 
related pair, and 

the analysis engine to sum the weightings from all of the 
plurality of overlapping time chunks to establish a time 
based score for each related pair, wherein the time 
based score for each related pair indicates the predic 
tive value for the related pair. 

27. The system of claim 26, further comprising: 
a web-server to implement the request interface to receive 

as input, the plurality of access requests from one or 
more client devices from among a plurality of customer 
organizations communicably interfaced with a host 
organization having the system embodied therein via a 
network; 

a multi-tenant database system to implement the database: 
and 

wherein each customer organization being an entity 
Selected from the group consisting of: a separate and 
distinct remote organization, an organizational group 
within the host organization, a business partner of the 
host organization, or a customer organization that sub 
scribes to cloud computing services provided by the 
host organization. 
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